Coeliac disease is diagnosed by the finding of subtotal villous atrophy on a jejunal biopsy specimen followed by recovery on a gluten free diet. Clinical recovery, however, may take time to establish and the histological assessment of a biopsy specimen may sometimes be difficult. Although subtotal villous atrophy has been regarded as an essential diagnostic feature, a few patients with less mucosal damage have been found to improve on a gluten free diet,"q and degrees of villous atrophy have been described in conditions other than coeliac disease. 2 An additional technique which provides supportive evidence for the diagnosis would therefore be useful.
In 1956 Frazer described the disappearance of the toxic effect of gliadin peptides in coeliac disease after digestion with an extract of pig's intestinal mucosa and concluded that the handling of these peptides occurred in the mucosal wall. 5 Since then there has been considerable interest in the enzymes of the small intestinal mucosa in patients with coeliac disease and various methods have been used to study many different enzymes. In biochemical assays on homogenised mucosa some authors have shown a reduction in peptidase67 and disaccharidase`1' activities in untreated coeliac disease. Biochemical assays, however, fail to take into account the fact that many of these enzymes have more than one location within the mucosa. 12 Accurate location of enzymes can be achieved by electron microscopy and by immunocytochemistry, but immunoreactivity for lactase and sucrase-isomaltase has been shown to correlate poorly with enzyme activity. found."2"9 Such studies can provide a useful assessment of mucosal damage in coeliac disease. 12 We have used histochemical techniques to assess the activity of three disaccharidase and five peptidase enzymes which are normally located in the upper small intestinal mucosa. Enzyme activity is related to both the histological appearances of the mucosa and to the clinical diagnosis. A simple grading system, which can easily be applied routinely, is used to assess enzyme activity.
Methods
Two hundred and ninety four biopsy specimens were obtained from 267 patients: 20 patients had more than one biopsy specimen taken. The specimens were taken for the diagnosis of clinically suspected coeliac disease, assessment ofresponse to a gluten free diet, and investigation of anaemia, weight loss, diarrhoea, failure to grow in childhood, abnormal butterfat or xylose absorption tests, or a combination of these symptoms. The following information was recorded for each patient; age, sex, diet, duration of gluten free diet, symptoms at presentation and final diagnosis (from subsequent investigation and follow up). The patients were grouped on final diagnosis (table  1) . A final diagnosis was not availble for every patient as some were lost to follow up and others continue to be investigated. All patients grouped as "normal" had both a histologically normal biopsy specimen and were found to have no clinically important illness as a result of clinical investigations. Biopsy specimens grouped as "other diagnoses not involving gastrointestinal tract" included those from (table 2) .
Biopsy specimens were assessed histologically and grouped as follows: normal; minor abnormalities; partial villous atrophy; or subtotal villous atrophy. Histochemical staining was assessed both for intensity of staining and location of activity, using the grading scheme shown in fig 1. One way analysis of variance was performed, first for enzyme grade with histological groups and secondly, for enzyme grade with clinical groups, for each of the enzymes studied. The Kruskal-Wallis test was performed using Minitab statistical software on a VAX computer. The test ranks all cases from all groups as a single series, calculates the median, the average rank and the "Z" value for each group. The result of analysis gives the KruskalWallis statistic "H", which has about the same distribution as x2 with degrees of freedom = n-i, where n = the number of groups. Probability values for H were obtained from tables.
Results
In the normal cases all the enzymes studied showed well localised activity in the brush border of the upper third of the crypts, the sides, and the tips of the villi (fig 2) . Both aminopeptidase enzymes also stained the lower two thirds ofthe crypt epithelium. In abnormal cases the enzyme staining for the peptidases and lactase was lost sequentially from the tips of villi, followed by the sides and crypts. Individual enzymes, however, were affected to a variable degree and examples are shown in figs 3 and 4. The methods used for trehalase and isomaltase gave a more diffuse, generalised staining of the biopsy specimen and so could only be graded as positive (grade 0), reduced (grade 5), or negative (grade 7).
Analysis of variance between enzyme grade and histological group showed a highly significant correlation ( < 0O001) for each of the following enzymes: lactase, trehalase, isomal- 24 In virtually all our cases of untreated coeliac disease staining for trehalase and for lactase was negative and these enzymes gave the best statistical differentiation of clinical groups. Isomaltase, BBE, and DPP II were also grossly reduced in patients with coeliac disease.
The group of patients with coeliac disease on a gluten free diet showed slightly less depletion of the affected enzymes (lower grades) than the untreated group. This agrees with previous findings of a partial recovery of enzymes on treatment. '2 19 In the small number of cases for which biopsy specimens before and after treatment were available, recovery seemed to be somewhat variable in individual patients. It was not known, however, how strictly these patients were adhering to their diets.
Previous The grading system used in this study assessed both the site and intensity of staining. Although the site of staining could not be assessed for trehalase and isomaltase, staining for lactase, BBE, and DPP II was frequently absent or reduced on the tips of villi in both clinically normal patients (table 4) and in histologically normal biopsy specimens (table  3) . The site of staining loss therefore seems to be an important part of the assessment. In subtotal villous atrophy villi are virtually absent and so it is only possible to assess staining along the luminal surface and in the crypts. Staining of the luminal surface for lactase, BBE, and DPP II was invariably absent in subtotal villous atrophy so that assigning a grade to this area was never a problem. Absence of staining on the luminal surface was quite often associated with weak staining of the upper crypts, confirming previous findings that the greatest enzyme loss occurs from the luminal surface.'2 14 23 Enzyme activity has been shown to vary with age, sex, and site of biopsy in biochemical assays. 27 We were unable to show any correlation with age or sex, but the small number of children in this study may be partly responsible for this. Biopsy specimens were obtained both endoscopically and via a Crosby capsule, but any effect of the difference in site was not analysed. Keane et al used both types of biopsy specimens and found that all sites from the second part of the duodenum to distal jejunum were adequate for enzyme assessment.' All the enzymes used in this study have previously shown in both the jejunum and duodenum." '9 In conclusion, our results suggest that the histochemical assessment ofenzymes is a useful addition to routine histology in the diagnosis of coeliac disease and may occasionally direct attention to cases which would have been missed on histology alone. It also provides a baseline for assessing mucosal recovery after treatment. The choice of enzymes is important and our results show lactase, trehalase, and BBE to be the most useful. Although the disaccharidases are generally more severely affected than the peptidase enzymes, lactase deficiency is well known to occur as a primary enzyme defect and as an acquired phenomenon in many gastrointestinal disorders, and primary trehalase deficiency has also been described.'s Examination of a combination of enzymes is therefore recommended.
